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Crude oil is a highly complex mixture of hydrocarbons amounting to hundreds of 
individual compounds with different chemical structure and molecular weight plus a series of 
lower molecular weight compounds other than hydrocarbons (phenols, thiols, naphthenic 
acids, heterocyclic compounds with N (pyridines, pyrrole, indole, s.o.) compounds S (alkyl 
thiols, thiophene, etc.) (Zarnea, 1994). 
Mineral oil and polycyclic aromatic hydrocarbons (PAHs) creates larger 
environmental problems. They are considered particularly dangerous. 
In this regard, EPA Agency from U.S.A. includes a number of polycyclic aromatic 
hydrocarbons under 16 priority pollutants, which require special attention. IARC 
(International Agency for Research on Cancer) has identified 15 types of polycyclic aromatic 
hydrocarbons including six of the 16 types of PAHs, identifiable by the USEPA as having 
carcinogenic properties (Chauhan Archana et al., 2008).  
 
1. Conventional techniques for cleaning the soil are: 
a) Incineration of contaminated soil - is to transform pollutants into carbon oxides, 
water and waste combustion, using high temperatures. The method includes two steps: 
volatilization of pollutants at temperatures around 400°C and their destruction at temperatures 
above 1000°C. 
There are several ways to incinerate contaminated soil, the difference is accomplished 
by the type of equipment used:  
 furnaces with fluidized layer;  
 furnaces with direct heating;  
 rotary drum furnace (Daniela Paşca and Paşca, 2002).  
This technique is not much use because they have drawbacks:  
 soil becomes sterile, by destroying all organic matter; 
 release gas, resulting in ambient air pollution (Ward et al., 2003);  
 technique is very expensive (Mohammed et al., 2007, Ward et al., 2003).  
b) Thermal desorption - is a thermal process of decontamination, for use in soils 
polluted with volatile compounds or semi-volatile 
The process has two distinct etapte: first is the volatilization of pollutants by heating at 
temperatures of 200-450°C, and the second gas treatment is obtained for the separation of 
pollutants, using wet separators and condensers.  
Compared to incineration, thermal desorption sets out the advantages of lower 
investment costs, and soil organic matter does not become sterile because of it not be 
destroyed by burning (Daniela Paşca and Paşca, 2002).  
 68 
The disadvantage of this procedure in the release of gas is leading to ambient air 
pollution (Ward et al., 2003). 
c) Excavation polluted soil - the method applies to local pollution of soil. The process 
is simple, cheap and fast execution.  
The disadvantage is that the earth is unable to immobilize only, to remove pollutants 
(Vidali, 2001). 
 
2. Depollution technologies and remediation 
These technologies can classify them into three main categories, namely:  
- stabilization technology, solidification and retention;  
- technologies involving the separation of contaminating the environment they are 
located, and finally mobilize contaminating their extraction;  
- technologies using biological and chemical reactions to destroy or convert 
contaminants. 
 
2.1. Stabilization technology, solidification and retention 
These technologies made a loss of mobility and/or toxicity of contaminants by 
reducing contaminant solubility by reducing the volatility of the contaminant, or by 
decreasing the permeability of the environment in which it is present.  
Methods were used for ex situ treatment of soil contaminated with heavy metals.  
The disadvantage of these methods is that remediation of contaminants are at greater 
depths, or if volatile or soluble contaminants can not be achieved.  
 
2.2. Separation technologies, restraint and extraction 
These methods are used to separate the pollutants from geological materials, to 
immobilize them and ground water or air in soil pores, and to draw.  
Some technologies use heat, vacuum, chemicals, or electric current to separate 
contaminants from geological materials and to transfer the places where they can be removed 
easily.  
 
2.3. Decontamination technologies that use chemical reactions 
Oxidation is a process based on property is strong oxidizers to destroy organic 
contaminants. Examples of oxidizing agents may be used: ozone and hydrogen peroxide. 
Applying this procedure should be particularly carefully, since the treatment of substance may 
result produced by an increased toxicity and persistence in higher time. 
Reduction is the reverse oxidation reaction and reducing agents are used as metals, 
particularly iron (Daniela Paşca and Paşca, 2002). 
 
2.4. Decontamination technologies that use biological reactions - bioremediation 
Jelena Milic S. et al. (2009) defines bioremediation as a modern method, where the 
natural ability of microorganisms is employed to reduce the concentration and / or toxicity of 
various chemicals such as petroleum derivatives - aliphatic and aromatic hydrocarbons, 
industrial solvents, pesticides and metals.  
Microorganisms involved in the degradation of hydrocarbons in soil are: 
- Aerobic - in the presence of oxygen. Examples of aerobic bacteria recognized for 
their degradative abilities are Pseudomonas sp., Alcaligenes sp., Bacillus sp, Flavobacterium 
sp., Micrococcus sp., Serratia sp., Acinetobacter (Akinde and Obire, 2008), 
Stenotrophomonas maltophilia, Mycobacterium sp., Gardona sp., Rhodococcus sp., 
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Burkholderia cepacia, Flavobacterium sp. Cycloclasticus Sphingomonas (Cauhan Archana et 
al., 2008). These microbes have often been reported to degrade pesticides and hydrocarbons, 
both alkanes and polyaromatic compounds. Many of these bacteria use the contaminant as the 
sole source of carbon and energy. 
- Anaerobic - in the absence of oxygen. Anaerobic bacteria are not as frequently used 
as aerobic bacteria. There is an increasing interest in anaerobic bacteria used for 
bioremediation of polychlorinated biphenyls (PCBs) in river sediments, dechlorination of the 
solvent trichloroethylene (TCE), and chloroform. Examples of anaerobic bacteria are 
Rhodopseudomonas, Rhodospirillum (Zarnea, 1994), Geobacter metallireducens, Thauera 
aromatica, Desulfococcus multivorans, Desulfobacterium cetonicum (Chakraborty and 
Coates, 2004).  
- Fungus: Alternaria sp., Aspergillus sp., Cephalosporium sp., Cladosporium sp., 
Fusarium sp., Geotrichum sp., Mucor sp.; Penicillium sp., Rhizopus sp., Trichoderma sp. 
(Obire and Anyanwu, 2008). 
- Moulds: Candida sp., Rhodotolura sp., Saccharomyces sp. (Obire and Anyanwu, 
2008). 
The strategies for bioremediation in soil are: 
- using the indigenous microbial population; 
- encouraging the indigenous population; 
- the bioaugmentation; the addition of adapted or designed inoculants; 
- the addition of genetically modified microorganism; 
- the phytoremediation (Scragg, 2005). 
Toti et al. (2003) lists the main factors that favor biodegradation:  
- the presence and abundance of degradation agents (heterotrophic bacteria and micro fungi); 
- associated microorganisms, which define the degree of biodiversity in contaminated soil, 
multiplying the capacity of microorganisms;  
- the level of the pollutant (oil);  
- the presence of other toxic agents; 
- the presence of nutrients; 
- the period of contamination; 
- the physicochemical soil conditions (humidity, temperature, pH). 
 
A. Bioremediation techniques In situ 
1. „Landfarming” is a simple technique, achieved by the contaminated soil is shown and 
stored on a flat surface (Mohammed et al., 2007). Landfaming is an In situ bioremediation 
technology for contaminated soil, but can be achieved and Ex situ (Scragg, 2005).  
The method is performed by wetting, aeration, nutrient intake and gonflate agents to 
promote aeration and circulation of fluids, to increase the rate of microbial degradation of 
contaminants.  
Contaminated soil is treated with fertilizer or manure homogenized and aerated by 
mixing and returning at intervals, the process of decontamination is systematically controlled 
laboratory (Daniela Paşca and Paşca, 2002).  
2. Bioveting is a form of bioremediation In situ and is to foster the process of 
biodegradation of contaminants by the injection of air and nutrients to stimulate microbial 
activity.  
The method is based on vacuum extraction of volatile pollutants, by creating an air 
flow which speeds up the biodegradation and gas recovery from underground is made with a 
drain located near the surface and connected to a ventilator (Daniela Paşca and Paşca, 2002). 
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3. Biosparging involves the injection of air under pressure below the water table to 
increase groundwater oxygen concentrations and enhance the rate of biological degradation of 
contaminants by naturally occurring bacteria. Biosparging increases the mixing in the 
saturated zone and thereby increases the contact between soil and groundwater.  
The ease and low cost of installing small-diameter air injection points allows 
considerable flexibility in the design and construction of the system (Vidali, 2001). 
4. Bioaugmentation is an in situ bioremediation process and consists of a 
biotechnology growth rate of biodegradation of soil contaminated by the intake of nutrients 
and oxygen dissolved in water for injection. Microbial activity is stimulated by the movement 
of water, supplemented with the inoculums (Scragg, 2005). 
 
B. Bioremdiation techniques Ex situ 
1. Biopiles is a technology derived from land farming, after excavation of contaminated 
soil is stored in a heap on impermeable surface with a small slope and then covered with a 
membrane that retains the gas inside the pile.  
Under the membrane and above the pile is placed a sprinkler device for moistening the 
soil and the management of nutrients and microorganisms, the pile is installed on a system of 
perforated pipes through which air is introduced inside the pile and treated to recover volatile 
substances. Also in the pile is made to collect contour drain liquid effluents that come out 
from the pile and then are repumped and spread again pile by spraying device (Daniela Paşca 
and Paşca, 2002).  
Biopiles provides a favorable environment both aerobic organisms and the anaerobic.  
The method is applied to soils with a high contamination of volatile substances. 
2. Composting is a biological process, ex situ, which compared to land farming needs 
thermophilic conditions (60°C), in order to facilitate the work at biodegradation (Scragg, 
2005).  
The soil is polluted with contaminants such as additives with additional material: 
straw, hay, corn pănuşelor that allow smooth flow of air and water, essential elements aerobic 
microbial metabolism (Daniela Paşca and Paşca, 2002). 
3. Bioreactors are used to treat contaminated soil or water contaminated. The 
bioremediation in reactors involves processing solid contaminated material (soil, sediment, 
sludge) or water through a system of containment. The reactor can be defined as a system that 
creates three phases (solid, liquid and gas) mixed to create the conditions for bioremediation 
of soil and water (Vidali, 2001). 
This technique is usually used for sediments containing large amounts of water. 
4. Phytoremediation develops a technology that uses plants to remove contaminants 
from soil and water. The term "phytoremediation" is relatively new, coined in 1991 (Vidali, 
2001). 
Phytoremediation can be divided into a number of processes: 
- Phytoextraction or phytoaccumulation: the removal of contaminants and metals from 
the soil and their storage in the plant (Scragg, 2005) This technique saves tremendous 
remediation cost by accumulating low levels of contaminants from a widespread area. Unlike 
the degradation mechanisms, this process produces a mass of plants and contaminants 
(usually metals) that can be transported for disposal or recycling (Vidali, 2001). 
- Phytodegradation refers to the uptake of organic contaminants from soil, sediments, or 
water and, subsequently, their transformation to more stable, less toxic, or less mobile form 
(scragg, 2005).  
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- Phytostabilization is a technique in which plants reduce the mobility and migration of 
contaminated soil. Leachable constituents are adsorbed and bound into the plant structure so 
that they form a stable mass of plant from which the contaminants will not reenter the 
environment. 
- Phytodegradation or rhizodegradation is the breakdown of contaminants through the 
activity existing in the rhizosphere. This activity is due to the presence of proteins and 
enzymes produced by the plants or by soil organisms such as bacteria, yeast, and fungi. 
Rhizodegradation is a symbiotic relationship that has evolved between plants and 
microbes. Plants provide nutrients necessary for the microbes to thrive, while microbes 
provide a healthier soil environment (Vidali, 2001).  
Examples of hyperaccumulators: 
- dicotyledons – Cystus ladanifer,  Thlaspi caerulescens, Arabidopsis halleri, Alyssum 
sp., Brassica junica, Stanleya pinnatem Sedum alfredii, Betula sp.; 
- grasses: Vetiveria zizniodes Paspalum notatum, Stenotaphrum secundatum, 
Pennisetum glaucum; 
- ferns: Pteris vittata, Pityrogramma calomelans; 
- aquatic plants: Erchhornia crassipes, Azolla pinnata, Lemma minor, Myriophyrum 
aquaticum, Ludwiigina palustris, Mentha aquatica (Scragg, 2005). 
Phytoremediation is well suited for use at very large field sites where other methods of 
remediation are not cost effective or practicable; at sites with a low concentration of 
contaminants where only polish treatment is required over long periods of time; and in 
conjunction with other technologies where vegetation is used as a final cap and closure of the 
site. There are some limitations to the technology that it is necessary to consider carefully 
before it is selected for site remediation: long duration of time for remediation, potential 
contamination of the vegetation and food chain, and difficulty establishing and maintaining 
vegetation at some sites with high toxic levels (Vidali, 2001). 
The advantages of bioremediation are: 
- Bioremediation is a natural process and is therefore perceived by the public as an 
acceptable waste treatment process for contaminated material such as soil. Microbes able to 
degrade the contaminant increase in numbers when the contaminant is present; when the 
contaminant is degraded, the biodegradation population declines. The residues for the 
treatment are usually harmless products and include carbon dioxide, water, and cell biomass. 
- Theoretically, bioremediation is useful for the complete destruction of a wide variety 
of contaminants. Many compounds that are legally considered to be hazardous can be 
transformed to harmless products. This eliminates the chance of future liability associated 
with treatment and disposal of contaminated material. 
- Bioremediation can often be carried out on site, often without causing a major 
disruption of normal activities. This also eliminates the need to transport quantities of waste 
off site and the potential threats to human health and the environment that can arise during 
transportation. 
- Bioremediation can prove less expensive than other technologies that are used for 
clean-up of hazardous waste (Vidali, 2001). 
The disadvantages of bioremediation are: 
- Bioremediation is limited to those compounds that are biodegradable. Not all 
compounds are susceptible to rapid and complete degradation. 
- There are some concerns that the products of biodegradation may be more persistent 
or toxic than the parent compound. 
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- Biological processes are often highly specific. Important site factors required for 
success include the presence of metabolically capable microbial populations, suitable 
environmental growth conditions, and appropriate levels of nutrients and contaminants. 
- It is difficult to extrapolate from bench and pilot-scale studies to full-scale field 
operations. 
- Research is needed to develop and engineer bioremediation technologies that are 
appropriate for sites with complex mixtures of contaminants that are not evenly dispersed in 
the environment. Contaminants may be present as solids, liquids, and gases. 
- Bioremediation often takes longer than other treatment options, such as excavation and 
removal of soil or incineration. 
- Regulatory uncertainty remains regarding acceptable performance criteria for 
bioremediation. There is no accepted definition of “clean”, evaluating performance of 
bioremediation is difficult, and there are no acceptable endpoints for bioremediation 
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